































water	 column	 of	 400-500	 meters.	 The	 significant	 amount	 of	 gas	 stored	 in	 natural	 gas	 hydrates	
constitutes	a	potential	as	a	significant	contributor	in	ensuring	future	energy	sustainability.	However,	
extended	research	on	fundamentals	and	characteristics	of	hydrates	in	nature,	as	well	as	production	
schemes,	 are	 required	 to	 be	 able	 to	 efficient	 and	 safely	 exploit	 this	 energy	 resource.	 Core-scale	
experiments	 give	 fast	 and	 valuable	 information,	which	 is	 essential	 before	 larger	 field	 tests	 can	 be	
planned.		
	









one	with	 increasing	water	 saturation	 for	 each	measurement,	 and	 the	other	with	decreasing	water	
saturation	for	each	measurement.	Two	types	of	MR	measurements	were	conducted	on	the	cores	at	





Second,	 MRI	 measurements	 of	 gas	 hydrate	 formation	 and	 dissociation	 within	 sediments	 were	
acquired.	The	Bentheimer	sandstone	was	 initially	saturated	with	65%	with	0.1wt%	sodium	chloride	
(NaCl).	The	gas	consisted	of	22%	propane	in	78%	methane.	This	gas	mixture	was	chosen	to	provide	







by	both	RARE	and	CPMG	measurements.	 Three	different	methods	are	 suggested	 for	 estimation	of	
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high-pressure	 and	 low-temperature	 environments.	 Gas	 hydrates	 are	 classified	 as	 clathrate	
compounds.	 Clathratus	 is	 Latin	 and	 is	 translated	 to	 “to	 encage”.	 The	 hydrogen-bonded	 water	
molecules	create	cages	that	encapsulate	gas	molecules,	also	referred	to	as	guest	molecules	or	hydrate	
formers.	Typical	guests	include	methane,	ethane,	propane	and	carbon	dioxide	[6].	Methane	hydrate	is	

































































































































Cavity	 Small	 Large	 Small	 Large	 Small	 Medium	 Large	

















































Figure	1-3	 illustrate	the	equilibrium	phase	curve	 for	methane	hydrate.	As	 the	 figure	 indicates,	high	
pressure	and	low	temperatures	are	required	for	hydrate	stability,	illustrated	as	the	blue	region	in	the	










Values	 for	 the	 curve	 is	 estimated	 by	 PVTSIM	 nova,	 which	 is	 a	 simulation	 program	 developed	 for	
reservoir	 engineers,	 flow	 assurance	 specialists,	 PVT	 lab	 engineers	 and	 process	 engineers.	 It	 gives	




















hydrate	 formation	 and	 hydrate	 dissociation.	 The	 end	 section	 will	 in	 addition	 look	 at	 possible	
production	scenarios.	A	good	place	to	start	for	understanding	the	phase	transition	concepts,	is	through	
Figure	1-5.	




































































critical	 radius	 is	 reached,	 where	 the	 growth	 process	 starts,	 and	∆𝐺 ≈ ∆𝐺-.)%+	/')0%1/120.	 The	 free	
energy	change	is	negative,	and	the	hydrate	crystal	grows	without	dispersing	[5].	
Induction	time	
There	are	developed	various	definitions	of	 induction	 time,	and	 following	Volmer	 [23,	24]	 it	 can	be	
defined	as	the	period	necessary	for	the	appearance	of	the	very	first	hydrate	cluster	of	supernucleus	



























Temperature	 and	 pressure	 change	 may	 be	 more	
intuitive,	than	the	equilibrium	curve	shift.	However,	
different	 methods	 are	 applied	 depending	 on	 the	
target.	 For	 example,	 a	 process	 engineer	 can	 use	
inhibitors	to	prevent	hydrate	formation	in	the	well,	
this	 will	 shift	 the	 equilibrium	 curve	 making	 the	
hydrate-stabile	 conditions	 harder	 to	 reach.	
Examples	of	inhibitors	are,	amongst	others,	salt	and	
alcohols	[25,	26].	An	 interesting	aspect	 is	how	salt	
content	 will	 affect	 the	 hydrate	 formation	 curve,	
since	 hydrates	 are	 found	 in	 saline	 marine	






melting	converts	 the	solid	over	 to	 fluid,	 releasing	water	and	gas.	The	methods	proposed	can	be	 in	
combination	with	thermal	injection	and/or	inhibitors.	This	will	be	illustrated	in	the	summary	of	field	
tests	in	chapter	1.5.3.	A	possible	negative	consequence	of	this	production	scenario,	is	the	reduction	of	










































































Gas	hydrates	are	often	distributed	 in	very	 low	concentrations,	over	very	 large	areas.	Lithology	may	
exercise	a	primary	control	of	deposition,	resulting	from	permeability,	faults	and	traps.	The	distribution	
is	 heterogeneous,	 and	 are	 observed	 occupying	 (1)	 pores	 of	 coarse-grained	 rocks;	 (2)	 nodules	
disseminated	within	fine-grained	rocks;	(3)	solid,	filling	fractures;	or	(4)	a	massive	unit,	mainly	of	solid	
gas	hydrate	with	minor	amounts	of	sediment	[16].	See	examples	in	Figure	1-11.	Formation	happens	























































extraction	 from	gas	hydrate	deposits.	 Current	 technology,	 from	exploration	 through	production	 to	





hydrate	gas	extraction	 for	more	 than	a	decade.	A	 summary	of	 completed	 field	 test,	 from	a	 recent	

































1) Hydrate	can	never	 touch	 the	mineral	 surface,	because	of	 the	partial	 charge	distribution	on	
atoms	in	the	surface	and	partial	charges	of	the	water	molecules	of	the	hydrate.	This	results	in	




adsorb	secondary	 in	pockets	of	 low	water	density.	Hydrate	guests	 can	be	 trapped	 in	 these	
pockets	and	up	concentrated;	mineral	surfaces	cannot	connect	to	hydrate	directly,	but	mineral	
surface	 can	 lead	 to	 up-concentration	 of	 hydrate	 formers,	 and	 then	 also	 result	 in	 hydrate	
nucleation.	
	























Almost	 all	 elements	 in	 the	 Periodic	 Table	 have	 at	 least	 one	 naturally	
occurring	 isotope	 that	 possesses	 the	 property	 of	 nuclear	 spin.	 The	





















Figure	 2-1:	 A	 rotating	 nucleus.	 The	
axis	 of	 rotation	 can	 be	 viewed	 as	 a	
vector,	 µ,	 with	 magnitude	 and	
direction.	 The	 magnetic	 moment	 is	




















































































Immediately	 after	 a	 90°-pulse,	 all	 magnetization	 will	 be	 in	 the	 transverse	 plane	 (xy).	 The	 𝑴𝒛	
component	starts	to	grow	as	the	spins	start	to	realign	along	the	longitudinal	axis.	T1	is	therefor	also	
known	 as	 the	 longitudinal	 relaxation.	 The	𝑴𝒛	 component	 follows	 an	 exponential	 growth	 process,	
Equation	2.2,	visualized	in	Figure	2-6:	
	











On	 the	other	hand,	T2	 relaxation	 time	 is	 a	 characteristic	 time	 representing	 the	decay	of	 the	 initial	















































































































































































































































𝑀 𝑡 = 𝐴^1*'2𝑒
S /Vgopqrs + 𝐴^+%2𝑒
S /Vgotus + 𝐴^)*'2𝑒
S /Vgovrs 	
(	2.9)	
𝑀 𝑡 = 𝐴)𝑒
S /Vgv + 𝐴e𝑒
















Porosity	 can	 be	 estimated	 by	 a	 summarization	 of	 the	 whole	 T2	 distribution,	 if	 the	 distribution	 is	
calibrated	to	a	known	porosity.	Equation	for	porosity:	
	
ϕ = 𝑐 𝑝(𝑇;)	 (	2.11)	
	









𝑘 = 𝑎	ϕe𝑇;,; 	 (	2.12)	
	











The	 main	 difference	 between	 NMR	 (nuclear	 magnetic	 resonance)	 and	 MRI	 (magnetic	 resonance	
imaging)	is	that	NMR	generates	an	overall	frequency	spectrum,	whereas	MRI	measurements	include	
spatial	dimensions	 -	 images.	To	be	able	 to	do	so,	MRI	 takes	advantage	of	 spatial	gradients.	Spatial	
gradients	are	linear	disturbances	along	𝜝𝟎,	and	are	applied	for	short	periods	of	time,	called	gradient	
pulses	 [38].	 The	magnetic-field	will	 then	be	 linearly	 dependent	on	 the	 location	 inside	 the	magnet:		
	






















k-	 space	 is	 a	 plot	 of	 all	 possible	 waves,	 meaning	 it	 is	 a	 kind	 of	 wave	 space,	 where	 all	 the	 points	













typical	 nucleus	 examined.	 In	 that	 case,	 the	 higher	 the	 pixel	 is	 on	 the	 white	 scale	 the	 denser	 the	



















































Berea	 sandstone	 and	 in	 bulk	 (a	 combination	 that	 will	 form	 hydrate	 at	 ambient	 pressures).	 They	
concluded	that	MRI	was	shown	to	be	an	effective	tool	 for	detecting	the	 formation	of	hydrate	with	








signal-loss	method	 studying	 CO2	 hydrates,	 have	 been	 used	 in	 several	 studies	 since	 then,	 amongst	
others,	 Ersland	 et	 al.	 (2009,	 2010),	 who	 concluded	 that	 MRI	 provided	 excellent	 images	 of	 high	







Alaska.	 Since	NMR	 is	 sensitive	 to	 the	pore-scale	distribution	of	 liquid	water,	 the	distribution	of	 ice	
within	 the	 pores	 can	 be	 determined.	 Comparison	 between	 core	 measurements	 and	 well	 logs	
demonstrated	that	the	unfrozen	water	content	of	frozen	sediments	can	be	predicted	from	borehole	
NMR	measurements.	Interesting	results	applicable	for	this	thesis	is	how	the	T2	distribution	developed	
as	 the	 sandstone	 samples	 were	 melting,	 shown	 in	 Figure	 3-1	 [9].	 A	 similar	 development	 will	 be	

























































































































3. The	 core	 was	 submerged	 and	 stored	 in	 water	 for	 about	 24	 hours.	 (Assuming	 spontaneous	
imbibition	is	completed).	
4. After	the	spontaneous	imbibition	was	reached,	the	core	was	mounted	in	a	core	holder,	and	water	





















By	 comparison	 to	 normal	 core	 analysis,	 the	 presence	 of	 the	 magnet	 with	 MRI,	 require	 special	


















































































from	 the	 bottom	 (in	 order	 to	minimize	 air	 content).	 It	was	 desirable	 to	 get	 the	 core	 back	
horizontally	as	fast	as	possible	to	minimize	vertical	segregation	in	the	length	direction.		
	
















































































































































the	positions	 of	 the	 spins	 by	 varying	 the	 value	of	 the	 local	magnetic	 field.	As	 a	 result,	 the	 Larmor	
frequencies	of	the	spins	will	vary	as	a	function	of	their	positions.	The	fact	that	these	coils	can	rapidly	




























Besides	suitable	settings	 for	the	sample	examined,	 it	 is	also	 important	that	the	magnetic	 field	 is	as	
homogeneous	as	possible	before	the	MR	experiment	is	started,	this	can	be	done	by	shimming.	During	
shimming	 the	 electric	 currents	 in	 the	 coils	 are	 adjusted,	 so	 that	 the	 resulting	 small	magnetic	 field	













o MSME	 	 	 	













































Using	 a	 cylindrical	 core,	 the	 slices	 have	 to	 contain	 the	 same	 volume	 (at	 the	 same	 location)	 for	
comparison	 reasons.	 The	 slices’	 orientation	 was	 set	 to	 axial	 (since	 the	 core	 lies	 parallel	 with	 the	










































































































































































































































More	 information	about	 the	“2D	Laplace	 Inversion”-program	are	 found	 in	 the	APPENDIX	D.	All	 the	








































Before	 studying	 phase	 transitions	 to	 gas	 hydrate,	 a	 study	 correlating	 (liquid)	water	 saturation	 and	
signal	 intensity	was	 conducted.	 The	 signal	 intensity	was	 found	 to	be	 strongly	dependent	on	water	
saturation,	and	they	were	found	to	have	a	linear	relationship.		
	









where	 the	 core	 was	 submerged	 in	 water	 either	 vacuumed	 or	 not,	 gave	 the	 most	 homogenous	
saturations,	in	contrast	to	methods	where	water	or	air	were	pumped/pushed	through.	The	method	of	
submerging	 the	 core	 in	 water,	 is	 recommended	 for	 later	 experiments	 on	 hydrates,	 or	 other	





have	a	 relative	even	 saturation	 in	 the	 length	of	 the	 core,	but	 indicate	an	uneven	water	 saturation	
towards	the	center	of	the	core.	
	
The	 results	 from	 the	 two	 saturation	 studies	 are	divided	as	 follows:	 The	 first	 section	 looks	 at	RARE	
results,	first	presented	as	images,	thereafter	a	further	analysis	of	the	pixel	values	correlating	intensity	
and	 water	 saturation	 are	 presented.	 The	 pixel	 analysis	 includes	 two-dimensional	 and	 three-
dimensional	maps,	figures,	and	plots	of	the	linear	relationship	between	intensity	and	saturation.	The	























































































































































than	 the	 middle.	 Each	 montage	 contains	 all	 the	
slices	 of	 the	 core,	 (in	 addition	 to	 some	 of	 the	
surroundings).	The	first	and	last	image	of	the	core	









Pixel	 intensities	 were	 summed	 for	 every	 slice,	 which	 made	 it	 possible	 to	 make	 a	 matrix	 with	
dimensions:	 slice	 number	 times	 saturation.	 From	 these	 matrices,	 intensity	 maps	 of	 the	 different	
saturations	were	 created,	 and	where	 slice	 number	was	 used	 as	 length	 of	 the	 core.	 One	 flat	 two-
dimensional	map	and	one	 three-dimensional	map,	where	 intensity	was	 lifted	as	 its	own	axis,	were	

















































Main	 observations	 from	 the	 image	 montage	 of	 SS2	 were	 increased	 signal	 with	 increased	 water	














































































relationship.	The	 intensities	of	all	 the	pixels	of	one	measurement	were	summed,	giving	a	value	 for	


























































































































In	 chapter	 2.4,	 an	 equation	 for	 porosity	 was	 introduced	 by	 using	 the	 fraction	 of	 the	 initial	 signal	
intensity	of	the	decay	curve,	for	100%	water	saturated	pores	over	bulk	water.	This	section	looks	at	how	











































Sw	[frac]	 0,34	 0,44	 0,57	 0,66	 0,73	 0,86	 0,96	
Ip	-	1.	Slice	 33,68	 43,45	 37,00	 45,77	 80,56	 102,47	 115,35	
Ip	-	2.	Slice	 28,63	 41,56	 78,96	 84,90	 104,46	 123,28	 147,83	
Ip	-	3.	Slice	 26,48	 37,97	 58,59	 66,20	 78,51	 113,07	 129,63	















































































Sw	[frac]	 0,36	 0,58	 0,67	 0,81	 0,96	
Ip	-	1.	Slice	 51,16	 94,98	 101,54	 106,21	 90,62	
Ip	-	2.	Slice	 44,20	 82,72	 92,42	 101,50	 147,43	
Ip	-	3.	Slice	 43,79	 73,39	 79,88	 94,66	 129,63	













































































































smaller	 volume	 of	 the	 core.	 In	 other	 words,	 the	 core	 is	 not	
necessarily	 less	water	 saturated	 here.	 The	 first	 (top	 left)	 and	 last	
(bottom	right)	slices	shows	the	gas	supply	line,	or	system	pressure	
line.	The	white	in	the	lines	may	indicate	water	that	has	been	pushed	
out.	 Sometimes	 the	 structure	 on	 the	 end-piece	 surfaces	 became	




















































































































This	 period	was	 characterized	 first	 by	 signal	 loss,	 because	 free	 liquid	water	 got	 pushed	out	 of	 the	
sample	 by	 the	 depressurization.	 Thereafter	 the	 signal	 reappeared	 from	water	 released	 by	 hydrate	
dissociation.		
Figure	9-3	 illustrates	water	saturation	development	of	 the	core.	Water	saturations	were	estimated	
based	 on	 initial	 signal	 intensity	 and	 initial	 water	 saturation.	 Figure	 9-4,	 illustrates	 the	 different	






















































presented.	 Four	main	 regions	 became	 visible	 in	 the	 saturation	maps:	 (1)	 The	 green-yellow	 region,	























the	 core	 is	 illustrated	 in	 Figure	 9-6.	 Notice	 how	 the	 profiles	 at	 regions	 (1)	 and	 (2)	 were	 more	
















































































































In	 contrast	 to	 the	 two	 first	 T2	 distribution	 maps	 presented,	 Figure	 9-8	 and	 Figure	 9-9,	 the	 T2	
distribution	maps	of	the	depressurization,	Figure	9-10	and	Figure	9-11,	does	not	retract	the	observed	
shift	 to	 the	 lower	T2	values.	 In	 the	depressurization	period	the	distributions	seem	to	decrease	and	
increase	from	the	short	T2	obtained.	 In	other	words,	 the	shift	 towards	shorter	T2	 is	an	 irreversible	




















































the	 fractions	was	estimated.	 The	estimated	water	 saturations	 and	hydrate	 saturation	are	 found	 in	
Table	9.1.	Both	the	first	distribution	at	40	bar	and	the	distribution	at	100	bar	were	used	as	initial	at	
65%	 water	 saturation.	 The	 curve	 at	 100	 bar	 have	 more	 signal	 contribution	 from	 gas.	 They	 were	

















of	water	 and	 hydrate	were	 found.	 The	 saturation	 estimations	 from	 the	 T2	 distribution	 at	 100	 bar	
correlates	better	with	the	estimation	from	the	RARE	study,	with	a	hydrate	saturation	of	42%.	The	gas	
contribution	 to	 the	 signal	 when	 there	 is	 hydrate	 present	 is	 unknown	 here,	 but	 assuming	 it	 will	
contribute	some,	and	that	the	curve	at	100	bar	is	the	more	reliable	of	these	two.		
	
The	 accuracy	 and	 certainty	 of	 the	 program	 generating	 these	 curves	 are	 in	 need	 of	 further	
investigation/understanding,	 before	 detailed	 assumptions	 can	 be	made	 for	 sure.	 However,	 a	 clear	




















































































































































































65%,	 all	 the	 result	 will	 be	 overestimated,	 as	 less	 water	 than	 assumed	 was	 available	 for	 hydrate	
formation.	However,	at	this	stage,	the	measurement	and	estimation	methods	are	in	focus.	Since	the	

























• The	MR	 images	 showed	 high	 spatial	 resolution	 of	 the	 core.	 One	 pixel	 equals	 1x1	mm2,	 with	
thickness	of	3	mm	in	the	length	of	the	core.	Even	though	the	resolution	was	not	high	enough	to	
show	single	pores,	it	could	tell	if,	and	where,	the	porous	media	was	even	or	uneven	saturated.	










• First	of	 all,	 the	new	experimental	design,	using	a	high	 field	 strength	magnet	of	4.7	Tesla,	was	
successfully	 applied	 in	 imaging	 and	 visualizing	 phase	 transitions	 of	 gas	 hydrate	 in	 the	 porous	
media	of	a	sandstone	core.	This	was	done	by	RARE	and	CPMG	measurements.		
• In	the	MR	images	obtained	from	the	RARE	measurements,	the	hydrate	formation	was	observed	





















































































































































































	 	 	 	 	 	 	
SS2	 		 		 		 		 		 	
The	core	 		 	 Water	 		 		 	
Mass	dry	[g]	 226,75	 	 NaCl	[wt%]	 0,1	 		 	
Length	[cm]	 10,25	 	
Density	
[g/cm3]	 1,001	 		 	
Diameter	[cm]	 3,75	 	 	 	 		 	
Porosity	 0,244	 	 Grain	 		 		 	
Vb	[cm3]	 113,21	 	
Density	
[g/cm3]	 2,65	 		 	
Vp	[cm3]	 27,64	 	
Volume	
[cm3]	 85,566	 		 	
	 	 	 	 	 		 	
		 	 	 	 	 		 	
Experiment	 1	 2	 3	 4	 5	 	
Saturated	core	weight	[g]	 236,67	 242,81	 245,410	 249,01	 253,27	 	
Mass	water	[g]	 9,92	 16,06	 18,66	 22,26	 26,52	 	
Volume	water	[cm3]	 9,91	 16,04	 18,64	 22,24	 26,49	 	
SATURATION	[%]	 35,85	 58,04	 67,44	 80,45	 95,85	 	
	 	 	 	 	 	 	
	 	 	 	 	 	 	
SS3	 		 		 		 		 		 		
The	core	 		 		 Water	 		 		 		
Mass	dry	[g]	 220,47	 	 NaCl	[wt%]	 0,1	 	 		
Length	[cm]	 9,95	 	
Density	
[g/cm3]	 1,001	 	 		
Diameter	[cm]	 3,75	 	 	 	 	 		
Porosity	 0,243	 	 Grain	 		 	 		
Vb	[cm3]	 109,89	 	
Density	
[g/cm3]	 2,65	 	 		
Vp	[cm3]	 26,70	 	
Volume	
[cm3]	 83,196	 	 		
		 	 	 	 	 	 		
		 	 	 	 	 	 		
Experiment	 1	 2	 3	 4	 5	 6	
Saturated	core	weight	[g]	 246,08	 243,39	 239,980	 238,13	 235,77	 232,25	
Mass	water	[g]	 25,61	 22,92	 19,51	 17,66	 15,30	 11,78	
Volume	water	[cm3]	 25,58	 22,90	 19,49	 17,64	 15,28	 11,77	






































































































































































































%renumbering sorted files 
%for i=1:ndcmfiles 
for i=1:43 
    Im(:,:,i,:)=IMRall(:,:,i,ind); 
end 
%% 
% making tiff files in numbered folders 
for k=1:nfolders 
    foldername=['Tiff' num2str(k,'%02d')]; 
    mkdir(foldername); 
    %for i=1:ndcmfiles 
    for i=1:43 
        I1=Im(:,:,i,k); 
        Ip=imsubtract(I1,background); 
        filename2 = ['MRIm' num2str(i,'%02d') 
'.Tiff']; 
        I2 = 
uint8(255*double(Ip)/double(max(Ip(:)))); 
        set(gca,'DataAspectRatio',[pixelspacin
gHI1,pixelspacingWI1,1]); 
        cd(foldername); 
        I3=imresize(I2,2); 
        %I4=imgaussfilt(I3,1); 
        %II=imsharpen(I4,'Amount',4); 
        imwrite(I3,filename2);       
        cd('../');  
    end 
end 
%%  
% making filenames to use in montage 
fileFolder = fullfile('Tiff01'); 
dirOutput = 
dir(fullfile(fileFolder,'MRIm*.Tiff')); 







% making all montages 
for m=1:nfolders 
    foldername1 = ['Tiff' num2str(m,'%02d')]; 
    cd(foldername1) 
    figure(i); 
    montage(fileNames,'Size',[nh,nv]); 
    set(gca,'DataAspectRatio',[pixelspacingHI1
,pixelspacingWI1,1]); 
    mymontage=getframe(gca); 
    imwrite(mymontage.cdata,['Montage' 
num2str(m,'%02d') '.Tiff'],'Tiff'); 
    cd('../');96 
    %hold on    
end 
%% 







     foldername1 = ['Tiff' num2str(m,'%02d')]; 
     cd(foldername1) 
     filename_m=['Montage' num2str(m,'%02d') 
'.Tiff']; 
     imnew=imread(filename_m); 
      
imshow(imnew,[]); 
     set(gca,'DataAspectRatio',[pixelspacingHI
1,pixelspacingWI1,1]); 
     hold on; 
     myvideo1=getframe; 
     writeVideo(v,myvideo1) 














































































































































































































































































































































Sw	 0,34	 0,44	 0,57	 0,66	 0,73	 0,86	 0,96	
	±	 0,01	 0,01	 0,01	 0,01	 0,01	 0,01	 0,01	
T2	Slice	1	[ms]	 9,7	 12,7	 19,2	 30,9	 37,2	 35,4	 31,8	
T2	Slice	2	[ms]	 15,4	 24,1	 43,1	 43,2	 46,7	 45,1	 42,3	
T2	Slice	3	[ms]	 9,7	 15,5	 26,3	 33,4	 39,5	 40,3	 37,9	
Average	T2	[ms]	 11,6	 17,4	 29,5	 35,9	 41,1	 40,3	 37,3	







































Sw	 0,35	 0,58	 0,68	 0,81	 0,96	
±	 0,01	 0,01	 0,01	 0,01	 0,01	
T2	(1)	[ms]	 7,3	 12,9	 15,4	 30,1	 32,8	
T2	(2)	[ms]	 10,7	 18,0	 20,3	 25,2	 42,4	
T2	(3)	[ms]	 9,5	 14,4	 15,7	 30,7	 37,9	
Average	T2	[ms]	 9,1	 15,1	 17,2	 28,7	 37,7	




























































































































































	 Saturation	Study	 DS1	 DS2	
Echo	Time	[ms]	 5.16029	 5.16029	 6.19501	
Repetition	Time	[ms]	 3442.61	 3442.61	 3773.32	
Number	of	Averages	 2	 22	 10	
Scan	Time	 0h5m37s375ms	 1h1m51s129ms	 1h20m29s846ms	
Number	of	Slices	 12	 12	 6	
Slice	Thickness	[mm]	 3.00	 3.00	 4.00	
FOV	[mm	x	mm]	 51	x	49	 51	x	49	 51	x	49	





























































































Intensity map for time and length
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